A prominent phenomenon characterizing the increasing level of globalization is that many firms move some or all of their production activities abroad for different reasons. One of the main concerns is that the domestic industries will be hollowed out, and only the most skilled labor will survive. On the other hand, some people argue that firms' foreign production activities may be a complement to domestic production and even raise the domestic employment level. Must foreign production activities result in job-exportation? Using firm-level data from Taiwan, this paper finds that while increasing the proportion of foreign output has a negative impact on both the domestic manufacturing and R&D workers, most of the negative impact on R&D workers is nullified when the foreign production activities are carried out in developing countries. Nevertheless, this is not the case for manufacturing workers. Since over three quarter of the Taiwanese multinationals engage in foreign production activities in developing countries, the empirical results suggest that there exists a geographical fragmentation of R&D and manufacturing activities.
Introduction
A prominent phenomenon characterizing the increasing level of globalization is that many firms move some or even all of their production activities abroad for different reasons. One of the main concerns is whether the domestic industries will be hollowed out when the production activities are moved abroad. Many people in more developed countries are worrying about losing their jobs because the cheaper foreign labor will prompt firms to relocate more production activities outside their home countries.
For instance, in Germany, workers fear that cheaper labor in the new eastern EU member countries will attract companies to invest there and shut down domestic plants. In the United States, giant companies such as General Electric, IBM, and United Technologies have recently taken many of their operations overseas. It seems that those multinationals are exporting jobs rather than goods (BusinessWeek, 2006; . Besides the anecdotal evidence, earlier empirical studies have found that the outward foreign direct investment (FDI) can have negative impacts on domestic output and employment. 1 However, more recent studies also find that the effect of outward FDI can be quite mixed. For example, if the foreign affiliate uses more inputs (the inputs could be services or intermediate goods, etc.) produced by the parent firm, there could be a positive impact on some specific type of domestic employment. At the same time, the impact can vary across different labor categories, industries, and countries. 2 Recent research on the foreign activities of U.S. multinationals has explicitly taken into account the role of trade in intermediate inputs between a firm and its foreign affiliate (Feenstra and Hanson, 2001 ; Hanson, Mataloni, and Slaughter, 2001; . These studies find that trade in intermediate inputs is also one of the important elements that determines the factor demands and factor prices. 1 See Singh (1977) , Frank and Freeman (1978) , and Glickman and Woodward (1989) . 2 See Lipsey (1994), Mariotti, Mutinelli, and Piscitello (2003) , and Molnar, Pain, and Taglioni (2007) .
Besides the evidence from a large economy, like the U.S., what happens in a small economy elsewhere? Hsieh and Woo (2005) find that outsourcing from Hong Kong to China has positive and negative impact on the demand of skilled and non-skilled labor in Hong Kong, respectively. In contrast, this paper takes Taiwan as an example and studies the impact of the multinationals' foreign production activities on domestic employment.
The case of Taiwan is of interest for the following reasons. First, Taiwan is an active participant in foreign production activities. As shown in Table 1 -1, when considering the Asian newly industrialized or developing economies, Taiwan has been among the top-ranking countries in terms of both the outward FDI flow and stock since the 1990s, which is comparable to Singapore and just behind Hong Kong (UNCTAD, 2007) . 3 Second, although there have been many studies investigating relevant issues in Taiwan, perhaps due to the lack of data until recent years, very few of them consider the role of trade in intermediate inputs between a firm and its foreign affiliate. 4 When studying the impact of outward FDI, one often compares some characteristics or performances of firms with outward FDI to those without it. This paper, on the other hand, will just focus on multinationals (those firms who have already undertaken outward FDI) and answer the following question: will the multinationals' foreign production activities inevitably result in job-exportation?
This paper finds that the outcome depends on the location of the firms' foreign affiliates and the proportion of the foreign output. More specifically, while increasing the proportion of foreign output has a negative impact on both the domestic manufacturing and R&D workers, most of the negative impact on R&D workers is nullified when the foreign production activities are carried out in developing countries. On the other hand, increasing the proportion of foreign output, as expected, has a negative impact on the domestic manufacturing workers. Furthermore, this negative impact will not 4 be nullified regardless of the location of the foreign affiliates.
The empirical evidence also suggests that, first, in recent years, the geographical fragmentation of R&D and production activities is a prevailing phenomenon for those Taiwanese multinationals with affiliates in developing countries. While laying off the domestic non-skilled workers when moving the production activities abroad, those multinationals tend to keep the domestic skilled workers to provide some services like R&D as input for the foreign affiliates. Second, the impact of trade in intermediates on domestic employment is insignificant. This could suggest that in Taiwan, the positive impact on the domestic skilled labor might come from providing intangible input like R&D related services rather than from producing tangible intermediates for the foreign affiliates. The paper is organized as follows: Section 2 discusses the implications of the theory of multinational firms; Section 3 reviews the relevant research on Taiwan; Section 4, 5 and 6 present the data, model and the results, respectively; and Section 7 concludes the paper. 
Implications of the Theory of Multinational Firms
Multinationals are often broken down into two categories: the horizontal multinationals which produce similar goods or services in different countries, and the vertical multinationals which geographically fragment the production stages. Firms choose to be horizontal multinationals to expand their businesses when the benefit of doing so (avoiding the trade cost) outweighs the corresponding cost (establishing and running the foreign affiliates). Alternatively, the vertical multinationals try to internationally utilize the cheaper factors used intensively for some stages of production, provided that the cost of doing so (for example, trade cost, administrative expenses, etc.)
does not dominate.
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It is quite plausible that for both types of multinationals, the foreign affiliates use the headquarters services as input provided by the parent firm, which means that horizontal multinationals could also fragment their production processes. Markusen et al. (1996) and Markusen (1997) present the knowledge capital model, which combines both the horizontal and vertical motives for firms' FDI activities. 6 It predicts that horizontal firms will be the dominant type of multinationals if the countries are similar in size and relative endowments and the transport costs are high. In contrast, vertical multinationals headquartered in the home country will prevail if the home country is small and skilled-labor-abundant and the trade cost is not too high.
Many Taiwanese firms have had their products produced abroad for the past decade, especially in other developing countries like China. According to the knowledge capital model, one would predict that these multinationals would become the vertical firms that keep the skilled-labor-intensive jobs (like R&D) in Taiwan while gradually shifting the relatively labor-intensive production processes 7 (like assembly) to China since the trade costs between Taiwan and China are not overly high since 1990. 7 Furthermore, many Taiwanese firms sell the products produced by their affiliates in China not simply back to Taiwan, but also to the third countries. Thus, while skilled labor could benefit from the expansion of the multinationals' businesses, the non-skilled labor would be substituted for by the cheaper foreign labor.
The rising proportions of Taiwanese multinational's foreign outputs are confirmed in Earlier research on issues regarding the activities of Taiwanese multinationals often classified the outward FDI into expansionary and defensive categories. 8 The former and the latter could result in horizontal and vertical firms, respectively. Using Taiwan's data from 1986 to 1994, Chen and Ku (2000) find that either types of outward FDI (expansionary and defensive) are neutral to domestic employment. They argue that the trend of manufacturing employment decline during that period seems to be driven by the structural change toward the capital-intensive industries.
To determine the types of outward FDI, the aforementioned research compares the wage rate in the host country and that in the home country (or some other benchmark level). If the former is higher than the latter, the outward FDI is regarded as expansionary, or it is classified as defensive if the wage rate in the host country is lower than that in the home country. 9 However, recently, many
Taiwanese firms investing in China, where the wage rate is much lower than that in Taiwan, are not just seeking cheaper labor, but are also accessing the market there or meeting the customers' needs, etc. (MOEA, 2002; . Thus, it would be dubious for these investments to be classified as defensive simply because the wage rate in the host country is lower.
Another issue is that the firms' motivations to invest in low-wage countries are often mixed. To study the impact of firms' foreign production activities on domestic employment, this paper first analyzes the industry-level data from the Taiwan Economic Data Center (TEDC) before investigating the firm-level data from MOEA. 11 The manufacturing sector from 1999 to 2007 is classified into 24 industries. The available data include the number of skilled labor, non-skilled labor, output, and the foreign production ratio for each industry.
12 Table 3 -1 shows both the (industry) random effect and fixed effect regressions of the log of non-skilled labor on foreign production ratio and other independent variables. In both types of regressions, the year fixed effect has been controlled for to account for those unobserved year-specific factors that might correlate with the regressors. Furthermore, the setting of (industry) random effect is not rejected by Hausman test. Random effect setting allows us to observe the coefficients for industry dummies.
The results show that when the foreign production ratio increases by 1%, on average, the domestic non-skilled labor employment will decrease by 0.19%. The signs of the coefficients of the industry dummies are as expected, although they are not significant. Finally, Table 3 -1 also shows that when the industry's output increases by 1%, on average, the non-skilled employees will increase by 0.42%.
Similarly, Table 3 -2 shows the case for skilled labor. The (industry) random effect setting is again survived. A quite interesting finding is that in contrast to the case for non-skilled labor, when the foreign production ratio increases by 1%, the skilled labor employment will increase by 0.19%.
The above results suggest that Taiwanese multinationals' foreign production activities might have quite different impacts on different categories of labor. -***(**;*): Significant at 1% (5%; 10%) level. The output is in terms of 2001 price. For the fixed effect regression, the industry fixed effect and the year fixed effect have been controlled for respectively. The year fixed effect is still being controlled for in the (industry) random effect regression. 13 The model is: lnሺnonskl ୧୲ ሻ ൌ α ୧ β lnሺoutput ୧୲ ሻ γ fpr δ dummies ୧୬ୢ୳ୱ୲୰୷ ξ dummies ୷ୣୟ୰ ε ୧୲ .
Here, ∂ ln nonskl ୧୲ / ∂fpr and ∂ ln nonskl ୧୲ / ∂ ln output ୧୲ are both elasticities since fpr ‫א‬ ሾ0,1ሿ is a share. 14 These industries include: 1) Metal; 2) Machinery; and 3) Transportation equipment. 15 These industries include: 1) Computer; 2) Electronic parts and components; and 3) Electrical machinery. 16 These industries include: 1) Food; 2) Tobacco; 3) Textile; 4) Apparel; 5) Wood and bamboo product; 6) Furniture and fixture; and 7) Non-metallic mineral products manufacturing.
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Data
This paper uses the data from the survey on Taiwanese multinationals in the manufacturing industry conducted by MOEA. In the survey, each firm was asked to provide the information including: 1) the employment status (shortage, balance, or surplus) of domestic manufacturing and R&D sectors; 2) the relationship between parent firm and foreign affiliate; 3) total sales; 4) total assets; 5) domestic and foreign investments; 6) domestic and foreign R&D expenditures; 7) the location of its main foreign affiliate; 8) the proportion of foreign output; 9) the motivation to engage in foreign production; and 10) the global employees (sum of domestic and foreign employees), etc.
There are, however, some deficiencies in MOEA's survey. For instance, although there is information about each firm's global employees, it cannot be broken down into: 1) domestic and foreign employees; and 2) skilled and non-skilled labor. Thus, this paper has to use the shortages in domestic manufacturing and R&D employees as dependent variables. Since in general, R&D employees are more skilled than manufacturing employees, in this paper, the former will be treated as Other remaining issues are, first, in the survey, firms that do respond to the questionnaire in a particular year but fail to do that later might still survive. This means that treating them as exiting the market at some time is inappropriate. Second, even for those firms who do respond to the survey annually, some of them might not provide complete information, and it causes the issue of missing values.
To simplify things, this paper will just extract observations without missing values in the dependent and independent variables from the MOEA's survey. As a result, there will be 692, 678, and there will be 658, 654, 643 multinationals with domestic R&D sectors in these three respectively years. 19 The above treatment, however, means that this paper could still suffer from the sample selection bias. The output from these multinationals in the sample constitutes about a quarter of the total industrial output every year, as shown in Table 4 -1. 
The drawback of (1) is that it cannot distinguish the employment status "surplus" from "balance".
As a result, one can set up the following three-alternative ordered model: 
In (2), γ ିଶ ൌ െ∞ and γ ଵ ൌ ∞. Also, note that γ ିଵ ൏ γ , which means that there is a range for y ୧୲ ‫כ‬ which corresponds to the status "balance". However, this characteristic could be the drawback of applying the ordered model in this case. 20 Since the binary choice model and the three-alternative ordered model have their own advantage and limitation, in this paper, both of them will be adopted.
In both models, x ୧୲ is the K ൈ 1 vector of independent variables, while α ୧ represents the unobserved individual specific effect. Based on section II, the independent variables should include at least the proportion of foreign output and the location of the foreign affiliate. (In order to utilize the cheaper foreign labor, the multinationals might want to assemble their products in developing countries.) Luckily, they are both part of the available information. Other independent variables include: 1) total sales or total assets; 2) domestic and foreign investments; 3) domestic and foreign R&D expenses; 4) dummy variables for years; 5) dummy variables for industries; 6) motivation to be a multinational; and 7) whether the foreign affiliate uses the intermediates provided by the parent firm (and vice versa).
For a discrete choice model with panel data, pooled estimation fails to account for the individual specific effect. In a nonlinear model, this can lead to inconsistent estimates of β. 21 To solve this issue, the fixed effect and random effect models are proposed. However, not every fixed effect model can have a consistent estimator due to the incidental parameters problem (Neyman and Scott, 1948 ).
For instance, there is no consistent estimator for a fixed effect probit model (Hsiao, 1986; Wooldridge, 2002) .
Similarly, most fixed effect logit models are inconsistent. One exception is within the class of binary choice logit models. Anderson (1973) and Chamberlain (1980) suggest the conditional likelihood approach and apply it on the binary choice logit model. They demonstrate that the corresponding estimator is consistent. However, since this approach excludes those observations with y ୧୲ ൌ 1 or y ୧୲ ൌ 0 all the time, it is less efficient. 22 Alternatively, in a random effect model, α ୧ is treated as a random disturbance term under the specified distribution. Since the logit model inherits more restriction from the multivariate logistic distribution, the probit model is more popular when considering the random effect model (Maddala, 1987) . The random effect probit model assumes α ୧~I Nሺ0, σ ଶ ሻ, u ୧୲~I Nሺ0, σ ୳ ଶ ሻ, and both of them are mutually independent as well as independent of x ୧୲ . 23 By conditioning on the individual specific random disturbance term α ୧ , the joint density function can be decomposed, which simplifies the joint 21 See p.787 in Cameron and Trivedi (2005) . 22 Since discarding those observations could result in greater standard errors and thus insignificant estimates especially when the sample size is not that large (Allison, 2008) . 23 See Heckman and Willis (1976).
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probability and makes the log-likelihood function only involve a single integration over α ୧ . Thus, the corresponding estimator becomes computationally feasible. 24 In short, since: 1) for the binary choice model, when applying the fixed effect estimation in MOEA's data, the conditional likelihood approach will discard about two-thirds of the observations, which is a great loss of efficiency; 2) for the three-alternative ordered model, the random effect probit model is the most appropriate setting as explained above; and 3) for both models, this paper has included the dummy variable for different industries and that for different years to control for the industry-specific and year-specific fixed effects, respectively. Thus, this paper will adopt the random effect probit estimation to estimate both models (1) and (2). 24 See Butler and Moffitt (1982).
Empirical Results
To find whether the multinationals' foreign production activities result in job-exportation, this section uses the MOEA's survey from 2001 to 2003 to investigate the impacts on domestic manufacturing and R&D employees, respectively. The definitions of the variables are shown in Table   6 -1. Table 6 -2 shows that: 1) the average foreign production ratio (i.e., proportion of foreign output to global output) is around one third and demonstrates an increasing trend; 2) more and more Taiwanese multinationals engage in foreign production activities in developing countries (77% of them do so in 2001 and that proportion increases to 81% in 2003); 3) multinationals in the sample are large firms in terms of the number of global employees.
25 Table 6 -3 reveals that: 1) firms are more likely to report shortages in R&D employees rather than shortages in manufacturing employees; and 2) firms with higher foreign production ratios are more likely to report "surplus" in their domestic manufacturing employees (i.e., there exists a negative correspondence between foreign production ratio and domestic manufacturing employment), while for firms with domestic R&D employees, the negative correspondence between the firms' foreign production ratios and their domestic employment is insignificant except for 2003.
Let us consider the impact on domestic manufacturing employees first. This paper includes the 692, Table 6 -5, models R-1 and R-2 are random effect probit estimations with binary choice settings, while R-3 and R-4 apply the random effect probit estimations with three-alternative ordered settings. Year dummies have been included to control for the year fixed effect through R-1 to R-4. The main findings are as follows.
First, in Taiwan, smaller multinationals might be more active in R&D activities, as suggested by the negative and significant coefficients for f_sal and f_tas in models R-1 and R-2. (In models R-3
and R-4, the coefficients are negative but not significant.)
Second, multinationals in high-tech sectors are most likely to report shortages in R&D employees.
This shows that although compared to other manufacturing sectors, multinationals in high-tech sectors have, on average, even higher foreign production ratios (as shown in Table 2 -1), these multinationals are still looking for more skilled labor domestically. This could suggest that multinationals in high-tech sectors are more likely to carry out different production stages in different countries.
Third, although shifting production activities abroad also has a negative impact on domestic R&D employees, most of this negative impact will be nullified if multinationals also engage in foreign production activities in developing countries, as suggested by the coefficients of the variable for foreign production ratio (f_fpr) and the interaction term of f_fpr and dummy for developing countries (f_ing). These results are quite consistent from the estimates of R-1 through R-4 and could suggest a geographical fragmentation of manufacturing and R&D activities.
Other results are quite similar for the case of manufacturing employees. For example, the coefficients for trade in intermediates are still insignificant. This could suggest that in Taiwan, most skilled employees are engaging in providing R&D related services rather than producing tangible intermediates for the foreign affiliates. Of course, these results might reflect the deficiency of the data as in the cases for models M-1 through M-4 for manufacturing employees.
In short, the above findings provide some evidence that multinationals tend to fragment the production activities such that the more skilled labor intensive activities, like R&D, are kept in 22 Taiwan, while other production activities are gradually moved abroad. These findings conform to the implication from the knowledge capital model, which predicts that for a small and skilled-labor abundant country (in a relative sense) like Taiwan, the vertical multinationals headquartering at home and producing abroad would be the prevalent type of organization provided that the trade cost is not too high. : Lower bound of the interval for y ୧୲ which corresponds to the "balance" status γ : Upper bound of the interval for y ୧୲ which corresponds to the "balance" status Table 6 While the relocation of production processes by multinationals might yield higher productivity, there is a serious concern that it could also hurt domestic non-skilled workers. This has been confirmed by many studies on more developed countries; however, little research has focused on less developed countries. This paper tries to bridge this gap by using the data about Taiwanese multinationals, which are also active participants in foreign production activities.
Before the empirical research, this paper borrows the theoretical considerations from the knowledge capital model, which infers that for a small and skilled labor abundant country like Taiwan, the vertical multinational, which is domestically headquartered and produces abroad, would be the prevalent type of organization, provided that the trade cost is not a dominant factor (As mentioned in Section 2, trade cost between Taiwan and China is not overly high since 1990). Based on this argument, skilled workers could survive or even benefit from the division of labor while non-skilled labor could suffer in the meantime. The prima facie evidence from the industry-level regression does suggest that in Taiwan, the non-skilled labor intensive jobs are more likely to be carried out abroad, while the skilled labor intensive jobs tend to be done domestically.
The above argument is further confirmed by the firm-level survey data for the Taiwanese multinationals. More specifically, this paper finds that while there is no significant evidence showing that less skilled workers, like manufacturing employees, would be harmed if multinationals engage in foreign production activities in developing countries, they do suffer from the multinationals' increasing proportion of foreign output.
For more skilled workers like those in the R&D sectors, this paper finds that although shifting production activities abroad also has a negative impact on domestic R&D employees, most of this negative impact will be nullified if multinationals also engage in foreign production activities in developing countries.
Since over 75% of Taiwanese multinationals engage in foreign production activities in developing countries, the above findings suggest that non-skilled employees are more likely to be harmed compared to the situation of skilled employees, which provides some evidence of the division of labor suggested by the knowledge capital model.
More extension and refinement of this kind of study could be done in the future. For example, although this paper does consider whether the parent firm produces the intermediates for the foreign affiliate (and vice versa), due to the limitations of the data, the exact trade volume in these intermediates is not considered. Obviously, more accurate data on trade in intermediates would allow researchers to make better estimates.
Furthermore, in this paper, the sample is composed of relatively large multinationals. However, there are also many smaller firms that are headquartered domestically and moving their production activities abroad. Although the empirical evidence of this paper suggests that larger multinationals are less likely to hire new manufacturing labor, some anecdotal evidence from Taiwan shows that for the smaller multinationals not considered in this paper, the proportion of foreign output could be higher and thus the negative impact on domestic manufacturing employees could be stronger. If that is the case, this paper would underestimate the aforementioned negative impact.
Another point is that the only available dependent variable is simply the firm's assessment of its employment status. However, besides the issue that there could be other causes that might result in shortage or surplus of a firm's employment, as mentioned in Section 4, it is also plausible that a firm which reports the status "balance" for a specific kind of employee has already laid off or recruited some employees ex ante. Apparently, using the exact number of employees as the dependent variable would yield better estimates.
Finally, in Taiwan, despite the promising economic growth figures in recent years, many people have kept complaining that their salaries are almost stagnant. It seems that the economic improvement is only enjoyed by a small group of people, especially the most skilled employees who work in the high-tech sectors. In fact, this can be verified by the worsening income distribution in 30 Taiwan during recent years.
Many empirical studies for other countries have found that the multinationals' foreign production activities could have a negative impact on the wage rates of domestic employees. 28 Thus, in addition to studying the impact on domestic employment, the impact on wages is also worth investigating. (A10)
